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ABSTRACT   
Infectious pneumonia is a major cause of morbidity and mortality, despite advances in diagnostics and therapeutics in 
pulmonary infections. One of the major difficulties associated with the infection comes from the high rate of antibiotic 
resistant microorganisms, claiming for the use of alternative techniques with high efficiency and low cost. The 
photodynamic inactivation (PDI) is emerging as one of the great possibilities in this area, once its action is oxidative, not 
allowing microorganism develops resistance against the treatment. PDI for decontamination pulmonary has potential for 
treatment or creating better conditions for the action of antibiotics. In this study, we are developing a device to 
implement PDI for the treatment of lung diseases with extracorporeal illumination. To validate our theory, we performed 
measurements in liquid phantom to simulate light penetration in biological tissues at various fluency rates, the 
temperature was monitored in a body of hairless mice and the measurements of light transmittance in this same animal 
model.  A diode laser emitting at 810 nm in continuous mode was used. Our results show 70% of leakage at 0.5 mm of 
thickness in phantom model. The mouse body temperature variation was 5.4 °C and was observed light transmittance 
through its chest.  These results are suggesting the possible application of the extracorporeal illumination using infrared 
light source. Based on these findings, further studies about photodynamic inactivation will be performed in animal model 
using indocyanine green and bacteriochlorin as photosensitizers. The pulmonary infection will be induced with 
Streptococcus pneumoniae and Klebsiella pneumoniae.  
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1. INTRODUCTION  
 
Pneumonia is defined as acute inflammation of the lung parenchyma structures that can be caused by various etiological 
agents (bacteria, viruses, atypical organisms and fungi). Initially, it is presented as a mucosal nasopharyngeal 
colonization, subsequently diffusing into the lower respiratory tract. The infection can be acquired in the community or 
in hospitals, and the latter one is often called nosocomial pneumonia [1,2]. Nosocomial pneumonia is a major infection 
that occurs in hospitals worldwide and has high index of morbidity, mortality and increased hospital costs [3]. 
 
Clinical characteristics (such as cough, sputum and fever) or radiological findings are the principal means of diagnosing 
pneumonia. The World Health Organization (WHO) uses tachypnea, fever and acute respiratory symptoms, as an 
important indicator of pneumonia when radiological facilities are not available [3]. 
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Microorganisms can infect the lower respiratory tract, considered sterile by four mechanisms [4]:  
• aspiration of secretions containing pathogens from the oropharynx, gastric cavity or nasal cavities;  
• spread of bacteria from a nearby area, as the pleura; 
• through devices used in respiratory therapy and inhalation of contaminated aerosols; 
• hematogenous translocation into the lungs, from different sites of infection. 
 
In developing countries, the main causative agents of pneumonia are bacteria, and the microorganism responsible for 30-
50% of cases of pneumonia is the Streptococcus pneumoniae. The second most common agent is Haemophilus 
influenzae type b (Hib), followed by Staphylococcus aureus and Klebsiella pneumoniae [5]. 
 
One of the newest advances in the treatment of different pathologies of microbial, viral, fungal and inflammatory origin 
is the application of photodynamic therapy (PDT) as antimicrobial activity [6]. This therapy consists in the use of a 
photosensitizer (PS) that, when activated by an electromagnetic radiation at a specific wavelength, can react with 
molecules in its vicinity. The resulting reaction can occur by transfer of hydrogen or electrons, leading to the formation 
of free radicals (type I reaction) or by transfer excess energy to molecular oxygen (type II reaction), producing singlet 
oxygen. The two reactions may lead to cell death or destruction of the tissue. Due to the nature of these mechanisms of 
action, it is highly unlikely that microorganisms acquire resistance to this technique [6,7]. 
 
Photodynamic inactivation (PDI) of microorganisms is based on the accumulation of PS preferably the therapeutic target, 
for example, bacteria, and not the surrounding tissues or cells. This condition is essential to the occurrence of the toxic 
effect on cells [8]. 
 
This study proposes a non-invasive procedure for pneumonia treatment, justifying the extracorporeal illumination with a 
light source with infrared wavelength and using indocyanine green and bacteriochlorin as PS activated in the near 
infrared region. 
 
Due the severity of bacterial pneumonia and the increase of infections caused by antibiotic-resistant bacteria, there is a 
need for alternative or associated treatments so that there is a higher effectiveness and, as a consequence, therapeutic 
success in reducing morbidity and mortality. The PDI is proposed in this study as an alternative or auxiliary treatment of 
pneumonia. 
 
2. MATERIAL AND METHODS 
 
2.1 Equipment  
 
In this study was used a 810 nm diode laser lighting system (DEN7A, Wuhan Gigga Optronics Technology Compang 
Ltd, CHN), as displayed in figure 1. 
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Figure 1. Schematic image of the lighting system consists of a laser of 810 nm (A), temperature thermistor (B) and collector 
fiber (C). 
 
For the analysis of temperature increase the laser operated with an intensity of 273 µW/cm2 and was used a temperature 
thermistor (Termo Meter MT 600, Minipa, CHN).  
 
The analyses of irradiance and transmitted light were performed with an optical power meter (Power meter LM 10, 
Coherent, USA) and with a portable spectrometer (Spectrometer USB2000, Ocean Optics, USA).  
 
2.2 Liquid phantom model 
 
For the analysis of transmitted light on liquid phantom model was used a solution composed of 1 mL of nankin (Nankin 
Ink, Acrilex®, BRA), 0.5 mL of lipofundin (Lipofundin®MCT/LCT 20%, B. Braun Melsungen AG, DEU) and 1 mL of 
triton x (Triton™X-100, Sigma, USA). This solution was diluted 5 times. The 810 nm laser operated 200 and 50 
mW/cm2 intensities. This liquid phantom model mimics the human skin. 
 
The liquid phantom was placed in a glass vessel. An optic fiber to deliver the light was positioned above the solution and 
a collector fiber was positioned below the glass vessel. The irradiance was measured for each 0.5 mm in a 2 mm column 
of liquid.  
 
2.3 Transmittance analyses 
 
As displayed in figure 1, the animal was placed in the prone position on a glass plate, and the collector fiber swept the 
animal’s chest and belly measuring the transmittance of the light beam from the laser diode at a fixed distance from the 
dorsal face of the animal. The collector fiber was moved in the X and Y axes. 
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2.4 Temperature analyses 
 
The thermistor of the Termo Meter equipment was inserted beneath the skin of the animal and the diode laser was 
positioned as described in 2.3.  
 
2.5 Animal model  
Hairless mice SKH-1 type was used and these species were chosen because it has no hair, a barrier that prevents the light 
penetratios.  All tests were performed in accordance with standards and protocols for animal experimentation.  
Immediately after euthanasia of the animal, all the measurements were done, in a few minutes. 
 
3. RESULTS 
 
Experiments with laser emitting at 810 nm and a radiance of 200 mW/cm2 confirm that transmitted light passed through 
the animal. The laser diode was positioned at the dorsal thorax region of the animal.  The collector fiber was swept under 
the animal and it was possible to detect the laser light, but with lower intensity at some points, as displayed in figure 2. 
Notice that higher transmittance is where the light beam coincided with the collector tip of the fiber, and where the 
intensity was reduced, it was probably absorbed or scattered. Despite the 810 nm specification of the diode laser, the 
spectrometer indicated a 799 nm corresponding wavelength. 
 
Figure 2. Analysis of the transmitted light passed through the animal body. The p1 – p12 refers different positions of the 
collector fiber randomly swept points under the animal.  
 
Analyses of temperature (figure 3) were performed. The initial temperature was 27 °C. The diode laser operated with an 
intensity of 272 µW/cm2. The radiance was lower for this analysis because the thermistor temperature was inserted 
beneath the animal dermis, and on the analysis of light transmittance the collector fiber was positioned at the anterior 
surface. The laser was positioned at the posterior surface with the animal in ventral supine. After 200 seconds of 
illumination, the temperature reached 32.5 °C. Despite the approximately 5.5 °C increase, in the alive animal, it might 
not cause this variation because of the ability of the organism to regulate the temperature.  
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Figure 3. Increase of temperature measured for 200 seconds. 
   
The analysis of the liquid phantom model (figure 4) showed a loss of 70% of the transmitted light in both light intensities 
(50 and 200 mW/cm2). Above 2 mm there was no sign of light collection by the detector, and between 0.5 and 2 mm, it 
is noted a gradual decrease in transmitted light. A more profound analysis for the effect on the light intensity will be the 
subject of the future investigation. 
 
 
Figure 4. Analysis of the transmitted light in liquid phantom model. 
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4. CONCLUSION 
 
These results are suggesting the possible application of extracorporeal illumination using an infrared light source. Based 
on these findings, further studies of photodynamic inactivation will be performed in animal model using indocyanine 
green and bacteriochlorin as photosensitizers. The pulmonary infection will be induced with Streptococcus pneumoniae 
and Klebsiella pneumoniae.  A specific homemade prototype with laser emitting in infrared region and for the animals 
illuminations is in the initial phase of the development. 
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